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(57) ABSTRACT

In a method of manufacturing a semiconductor device, an
initial structure 1s provided. The 1nitial structure includes a
substrate, a patterned silicon layer, and a covering layer. The
substrate has a buried insulator layer formed thereon. The
patterned silicon layer 1s formed on the buried insulator
layer. The covering layer 1s formed on the patterned silicon
layer. A first layer 1s formed on the mitial structure. Part of
the first layer 1s removed with an etching process, such that
a stdewall portion of the patterned silicon layer 1s exposed
and such that a remaining portion of the first layer remains
at a corner where the patterned silicon layer interfaces with
the buried msulator layer. An oxide liner 1s formed on the
exposed sidewall portion. A recess may be formed in the
buried insulator layer (prior to forming the first layer) and
may extend partially beneath the patterned silicon layer.

18 Claims, 8 Drawing Sheets
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1
STI LINER FOR SOI STRUCTURE

This application 1s a divisional of patent application Ser.
No. 10/747,494, entitled “STI Liner For SOI Structure,”
filed on Dec. 29, 2003 now U.S. Pat. No. 6,955,955 which

application 1s incorporated herein by reference.

TECHNICAL FIELD

The present invention generally relates to the fabrication
of semiconductor devices. In one aspect 1t relates more
particularly to a liner for a shallow trench 1solation (STI) in
a silicon-on-insulator (SOI) structure.

BACKGROUND

A silicon-on-mnsulator (SOI) structure 1s sometimes used
in forming semiconductor devices. In a typical SOI struc-
ture, an msulator layer 1s formed 1n-between a silicon wafer.
Often this msulator layer 1s a silicon dioxide layer referred
to as a “buried oxide” layer, a “bottom oxide” layer, and/or
a “BOX” layer. After the silicon 1s patterned, valleys or
trenches remaining between the patterned silicon structures
are typically filled with insulting material, such as silicon
dioxide, to form shallow-trench-isolation (STI).

When the silicon 1s etched to pattern the silicon 1n an SOI
structure, the vertical sidewalls of the silicon are often
damaged during the process. To address this 1ssue, manu-
facturers sometimes grow an oxide liner on the vertical
sidewalls of the silicon. The oxide liner improves or rebuilds
the sidewalls of the silicon. FIGS. 1-4 illustrate a prior
process used to develop such an SOI structure having oxide
liners. In FIG. 1, an initial structure 20 1s shown. In this
initial structure, a BOX layer 22 1s formed on a silicon wafer
(not shown). The silicon 24 formed on the BOX layer 22 has
been patterned already in FIG. 1. The patterned silicon 24 in
FIG. 1 still has a layer of pad oxide 26 thereon. A patterned
layer of silicon nitride 28 1s on the pad oxide layer 26. The
patterned silicon nitride layer 28 was used here as a mask
during the etching of the silicon 24. The pad oxide layer 26
may have been used as an etch stop layer during the
development of the silicon nitride mask 28. The silicon 24
may be patterned using a reactive-ion-etching (RIE) or dry
etching process, for example. Hence, this structure shown 1n
FIG. 1 1s a common 1nitial or intermediate structure for a
process of fabricating an SOI structure.

After patterning the silicon 24, an oxide liner 30 may be
thermally grown on the vertical sidewalls 32 of the silicon
24, as shown 1n FIG. 2, for example. With the pad oxide
layer 26 and/or the nitride layer 28 still present, as 1n FIG.
2, the oxade liner 30 1s only grown on the exposed vertical
sidewall portions 32 of the silicon 24. As shown 1n FIG. 3,
after the liners 30 are formed, an insulting material 34 is
deposited to fill the gaps between the patterned silicon
structures 24 (1.¢., for forming the STI). Such insulating
material 34 may be silicon dioxide, for example. Such
insulating material 34 is typically deposited using a high-
density-plasma chemical-vapor-deposition (HDP-CVD)
process, which may be a well known process. Subsequently,
the nitride layer 28, the pad oxide layer 26, and part of the
STI insulating material 34 are removed (e.g., by chemical
mechanical polishing (CMP) and/or by etching) to provide
an SOI structure 36, such as that shown 1n FIG. 4.

Recent studies have found that the prior method shown in
FIGS. 1-4 yields a structure where the liner 30 exerts stress
on the silicon 24 at the interface 38 of the silicon 24 and the
BOX layer 22. Typically, such stress 1s highest at the edges

10

15

20

25

30

35

40

45

50

55

60

65

2

of the silicon 24. The stress exerted on the silicon 24 may be
upward along the sidewalls 32 and compressive towards the
channel region. This stress 1s believed to be caused by the
thermal growth process for forming the oxide liners 30
because the growth will occur 1n all directions, including
vertically along the silicon sidewalls 32. As the oxide liners
30 are grown (see e.g., FI1G. 2), the growth often extends into
the BOX layer 22 (at the interface of the silicon 24 and the
BOX layer 22). This may cause lifting of and/or lifting stress
on the silicon 24 at the liner 30 (1.¢., at the edge of the silicon
24). This 1s 1llustrated i FIG. 5. In FIG. 3, the silicon edge
has been lifted and a “bird’s beak™ 40 of 1nsulating material
has formed under the edge of the silicon 24 at the interface
38. This bird’s beak portion 40 keeps the silicon 24 under
strain, as illustrated by the arrows 42 i FIG. 5, which 1s
usually undesirable. Hence, a need exists for ways to reduce
or eliminate this unwanted strain on the silicon 24 of the SOI
structure 36.

SUMMARY OF THE INVENTION

The problems and needs outlined above may be addressed
by embodiments of the present invention. In accordance
with one aspect of the present invention, a method of
manufacturing a semiconductor device 1s provided. This
method includes the following steps described 1n this para-
graph, and the order of the steps may vary. An nitial
structure 1s provided. The initial structure includes a sub-
strate and a patterned silicon layer. The substrate has a
buried nsulator layer formed thereon. The patterned silicon
layer 1s formed on the buried insulator layer. A first layer 1s
formed on the initial structure. Part of the first layer 1is
removed with an etching process, such that a sidewall
portion of the patterned silicon layer 1s exposed and such
that a remaining portion of the first layer remains at a corner
where the patterned silicon layer interfaces with the buried
insulator layer. An oxide liner 1s formed on the exposed
sidewall portion.

In accordance with another aspect of the present imnven-
tion, a semiconductor device 1s provided, which includes a
substrate, a buried insulator layer, a patterned silicon layer,
an oxide liner, and a first layer. The buried insulator layer 1s
formed over the substrate. The patterned silicon layer is
formed over the buried insulator layer. The oxide liner is
thermally grown on a sidewall of the patterned silicon layer,
but the oxide liner extends along only part of the sidewall.
A portion of the first layer extends along another part of the
sidewall and 1n a corner at an interface of the patterned
silicon layer and the buried insulator layer. The first layer
may include an nsulating material, such as silicon dioxide,
for example. Alternatively, the first layer may include silicon
nitride. The portion of the first layer may cover at least part
of the buried insulator layer.

In accordance with yet another aspect of the present
invention, a method of manufacturing a semiconductor
device 1s provided. This method includes the following steps
described in this paragraph, and the order of the steps may
vary. An 1nitial structure 1s provided. The initial structure
includes a substrate and a patterned silicon layer. The
substrate has a buried insulator layer formed thereon. The
patterned silicon layer 1s formed on the buried insulator
layer. The buried insulator layer 1s etched to form a recess 1n
the buried insulator layer and this forms an intermediate
structure. Part of the recess extends at least partially beneath
the patterned silicon layer. After the etching of the buried
insulator layer, a first layer 1s formed on the intermediate
structure. The first layer at least partially fills the recess. Part
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of the first layer 1s removed with an etching process, such
that a sidewall portion of the patterned silicon layer 1s
exposed and such that a remaining portion of the first layer
remains below the patterned silicon layer i the recess. An
oxide liner 1s formed on the exposed sidewall portion.

In accordance with another aspect of the present inven-
tion, a semiconductor device 1s provided, which includes a
substrate, a buried insulator layer, a patterned silicon layer,
an oxide liner, and a first layer. The buried insulator layer 1s
formed over the substrate. The patterned silicon layer 1is
tormed over the buried insulator layer. The buried oxide has
a recess formed therein. At least part of the recess extends
at least partially beneath the patterned silicon layer. A
portion of the first layer 1s formed in the recess beneath the
patterned silicon layer. The oxide liner 1s thermally grown
on a sidewall of the patterned silicon layer. The oxide liner
may extend along only a first portion of the sidewall of the
patterned silicon layer and the portion of the first layer may
extend along a second portion of the sidewall of the pat-
terned silicon layer. The first layer may include silicon
nitride and/or silicon dioxide, for example.

The foregoing has outlined rather broadly features of the
present mnvention in order that the detailed description of the
invention that follows may be better understood. Additional
features and advantages of the mvention will be described
heremafter which form the subject of the claims of the
invention. It should be appreciated by those skilled 1n the art
that the conception and specific embodiment disclosed may
be readily utilized as a basis for modilying or designing
other structures or processes for carrying out the same
purposes of the present invention. It should also be realized
by those skilled in the art that such equivalent constructions
do not depart from the spirit and scope of the invention as

set forth in the appended claims.

BRIEF DESCRIPTION OF THE

DRAWINGS

The following 1s a brief description of the drawings,
which illustrate exemplary embodiments of the present
invention and 1 which:

FIGS. 1-4 illustrate a prior method of forming a thermally
grown oxide liner on sidewalls of a patterned silicon layer
for an SOI structure;

FIG. 5 shows a side view of a prior SOI structure to
illustrate the strain on the silicon;

FIGS. 6-10 illustrate a method of forming an SOI struc-
ture 1n accordance with a first embodiment of the present
invention;

FIG. 11 illustrates an SOI structure 1n accordance with a
second embodiment of the present invention;

FIGS. 12-17 illustrate a method of forming an SOI
structure 1n accordance with a third embodiment of the
present invention; and

FIG. 18 illustrates an SOI structure in accordance with a
fourth embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Referring now to the drawings, wherein like reference
numbers are used herein to designate like elements through-
out the wvarious views, 1llustrative embodiments of the
present mvention are shown and described. The figures are
not necessarily drawn to scale, and in some instances the
drawings have been exaggerated and/or simplified 1n places
tor 1llustrative purposes only. One of ordinary skill 1n the art
will appreciate the many possible applications and variations
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4

of the present invention based on the following 1illustrative
embodiments of the present invention.

FIGS. 6-10 illustrate a method of forming an SOI struc-
ture 36 1n accordance with a first embodiment of the present
invention. In FIG. 6, an example iitial structure 20 1is
provided. This 1nitial structure 20 has a buried insulator
layer 22 formed on a substrate 23. The substrate may be a
s1licon waier and the buried insulator layer 22 may be silicon
dioxide, for example. A patterned silicon layer 24 1s formed
on the buried isulator layer 22. Although referred to herein
as a “‘silicon” layer, the patterned silicon layer 24 may
include one or more layers and/or one or more materials. For
example, the patterned silicon layer 24 may be (but not
necessarily limited to) epitaxially grown silicon, epitaxially
grown S1Ge, or combinations thereof (e.g., strained silicon
structure with silicon layer under biaxial tension).

The patterned silicon layer 24 may be formed using a
common masking and etching process, for example. In the
example mitial structure 20 shown 1n FIG. 6, the patterned
silicon layer 24 has a covering layer 44 formed on a top
surface of the patterned silicon layer 24. In this example, the
covering layer 44 has pad oxide layer 26 formed on the
patterned silicon layer 24 and a silicon nitride mask layer 28
formed on the pad oxide layer 26, for example, which may
have been used in forming the patterned silicon layer 24.
Hence, for purposes of comparison, the initial structure 20 of
FIG. 6 1s the same as that shown in FIG. 1. In other
embodiments (not shown), the entire covering layer 44 or
some part of the covering layer 44 (e.g., the silicon nitride
mask layer 28) may be removed already in the initial
structure 20. One of ordinary skill 1n the art will likely
realize other possible 1nitial structures.

In FIG. 7, a first layer 50 has been formed on the initial
structure 20 of FIG. 6. The first layer 50 1s preferably
substantially conformal, as shown 1n FIG. 7. In a preferred
process ol forming the first layer 50, a high- densﬂy -plasma
chemical-vapor-deposition (HDP-CVD) process 1s used.
However, other processes for forming the first layer 50 may
be used (e.g., CVD). The first layer 50 of the first embodi-
ment 1s an insulating material, such as an oxide or silicon
dioxide, for example. In other embodiments, however, the
first layer 50 may be made from any of a vanety of
appropriate maternals.

After forming the first layer 50, part of the first layer 50
1s removed with an etching process, as shown 1n FIG. 8, for
example. In this example, the etching process 1s a wet
etching process, which 1s preferred here, but other etching
techniques may be used (e.g., RIE etching, dry etching). The
goal of this etching step 1s to remove part of the first layer
50 1n a way that sidewall portions 32 of the patterned silicon
layer 24 becomes exposed and so that remaining portions 52
of the first layer 50 remain at the corners 54 where the
patterned silicon layer 24 interfaces with the buried insulator
layer 22. A preterred result of the etching process is that
remaining portions of the first layer 50 cover a lower part of
the sidewalls 32 of the patterned silicon layer 24 and cover
the buried insulator layer 22, as shown 1n FIG. 8. In other
embodiments (not shown), the remaining portions 52 of the
first layer 50 may cover less or more of the sidewalls 32 of
the patterned silicon layer 24 and/or less of the buried
insulator layer 22.

The next step i forming the SOI structure 36 of the first
embodiment 1s to form an oxide liner 30 on the exposed
portions (see e.g., FIG. 8) of the patterned silicon layer 24,
as shown 1n FI1G. 9, for example. In a preferred embodiment,
the oxide liner 30 1s thermally grown on the exposed
portions of silicon 24. Preferably, only a middle and upper
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portion of the sidewalls 32 of the patterned silicon layer 24
are exposed on the sidewalls 32 so that only those portions
are oxidized and so that the oxide liner 30 will be formed
there. Hence, it 1s preferred to have some layer covering the
top surface of the patterned silicon layer 24, such as the
covering layer 44. If the covering layer 44 1s not present
prior to forming the first layer 50, part of the first layer 50
may be left on the top surface of the silicon layer 24 to
protect 1t from being oxidized while forming the oxide liners
30.

By having the remaining portions 32 of the first layer 50
in the corners 54 at the interface 38 of the silicon layer 24
and the buried 1nsulator layer 22, the remaining portions 52
of the first layer 50 preferably prevent the oxide liner 30
from growing down to the interface 38 of the silicon layer
24 and the buried insulator layer 22. This may prevent or
significantly reduce the stresses on the silicon layer 24 (1.e.,
upward stress on silicon layer 24 at the edges or at the
sidewalls 32, compressive stress on the silicon layer 24) (see
¢.g., FIG. 5) and/or significantly reduce or eliminate the
bird’s beak formation 40 shown in FIG. 3.

Referring now to FIG. 10, the regions adjacent to the
patterned silicon layer 24 have been filled with nsulating
material 34 to form the STI. Also, the pad oxide layer 26 and
silicon nitride mask layer 28 have been removed at this
point.

As noted above, the first layer 50 may be made from a
variety ol materials. FIG. 11 shows an SOI structure 36 in
accordance with a second embodiment of the present inven-
tion. The method of forming the second embodiment may be
essentially the same as that described for the first embodi-
ment (see e.g., FIGS. 6-10), except that the material choice
tor the first layer 50 1s changed. In the second embodiment,
the first layer 50 1s made from silicon nitride, for example.

FIGS. 12-17 illustrate a method of forming an SOI
structure 36 1n accordance with a third embodiment of the
present invention. In FIG. 12, an example 1mitial structure 20
1s provided, which 1s the same as that of FIGS. 1 and 6, for
purposes of comparison. As with the other embodiments, the
initial structure 20 may vary from that shown in FIG. 12.

As shown m FIG. 13, the buried insulator layer 22 1s
ctched to form a recess 60 1n the buried 1nsulator layer 22.
Part of the recess 60 extends partially beneath the patterned
silicon layer 24, as shown 1n FIG. 13, for example. This may
be provided by using a wet etching technique to form the
recess 60 with an etch chemistry that 1s selective against
ctching the patterned silicon layer 24, for example. One of
ordinary skill in the art may realize other ways or techniques
to provide a recess 60 where part of the recess 60 extends
partially under the patterned silicon layer 24.

In FIG. 14, a first layer 50 has been formed over the
intermediate structure 62 of FIG. 13. In FIG. 14, the first
layer 50 overtills the recess 60, which 1s preferred. In other
embodiments (not shown), however, the matenal of the first
layer 50 may fill or partially fill the recess 60. The first layer
50 of the third embodiment 1s made from silicon nitride, for
example. The first layer 50 may be formed by chemical
vapor deposition (CVD), for example. In other embodi-
ments, the first layer 50 may be made from any of a variety
of appropriate materials. The first layer 50 1s preferably
substantially conformal, as shown 1n FIG. 14, for example.
It 1s preferred to get the first layer material 50 1nto the recess
60 beneath the patterned silicon layer 24.

Next, part of the first layer 50 1s removed with an etching
process, so that sidewall portions 32 of the patterned silicon
layer 24 are exposed and so that a remaiming portion 52 of
the first layer 50 remains 1n the recess 60 below the patterned
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silicon layer 24, as shown i FIG. 15 for example. In FIG.
15, a dry etch process has been performed to remove part of
the first layer 50. The remaining portions 52 of the first layer
50 1n FIG. 15 fill the part of the recess 60 beneath patterned
silicon layer 24 and extend along a lower portion of the
silicon layer sidewalls 32.

In FIG. 16, oxide liners 30 are formed on the exposed
portions of the patterned silicon layer 24 (i.e., part of the
sidewalls 32) of FIG. 15. In a preferred embodiment, the
oxide liner 30 1s thermally grown on the exposed portions of
silicon 24. Preferably, only a middle and upper portion of the
sidewalls 32 of the patterned silicon layer 24 are exposed on
the sidewalls 32 so that only those portions are oxidized and
so that the oxide liner 30 will be formed there. Hence, 1t 1s
preferred to have some layer covering the top surface of the
patterned silicon layer 24, such as the covering layer 44. IT
the covering layer 44 1s not present prior to forming the first
layer 50, part of the first layer 50 may be left on the top
surface of the silicon layer 24 to protect 1t from being
oxidized while forming the oxide liners 30.

By having the remaining portions 52 of the first layer 50
beneath the patterned silicon layer 24 and the buried 1nsu-
lator layer 22, the remaiming portions 52 of the first layer 50
preferably prevent the oxide liner 30 from growing down to
the interface 38 of the silicon layer 24 and the buried
insulator layer 22. This may prevent or significantly reduce
the stresses on the silicon layer 24 (1.e., upward stress on
silicon layer 24 at the edges or at the sidewalls 32, com-
pressive stress on the silicon layer 24) (see e.g., FIG. §)
and/or significantly reduce or eliminate the bird’s beak
formation 40 shown in FIG. 5.

Referring now to FIG. 17, the regions adjacent to the
patterned silicon layer 24 have been filled with nsulating
material 34 to form the STI. Also, the pad oxide layer 26 and
silicon nitride mask layer 28 have been removed at this
point.

As noted above, the first layer 50 may be made from a
variety of materials. FIG. 18 shows an SOI structure 36 in
accordance with a fourth embodiment of the present inven-
tion. The method of forming the fourth embodiment may be
essentially the same as that described for the third embodi-
ment (see e.g., FIGS. 12-17), except that the material choice
for the first layer 50 1s changed. In the fourth embodiment,
the first layer 50 1s made from silicon dioxide, for example.

Although embodiments of the present invention and at
least some of its advantages have been described 1n detail,
it should be understood that various changes, substitutions
and alterations can be made herein without departing from
the spirit and scope ol the ivention as defined by the
appended claims. Moreover, the scope of the present appli-
cation 1s not intended to be limited to the particular embodi-
ments of the process, machine, manufacture, composition of
matter, means, methods, and steps described in the specifi-
cation. As one of ordinary skill i the art will readily
appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present mvention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What 1s claimed 1s:

1. A semiconductor device, comprising:

a substrate:
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a buried insulator layer formed over the substrate;

a patterned silicon layer formed over the buried 1nsulator
layer, wherein the buried insulator has a recess formed
therein, at least part of the recess extending at least
partially beneath the patterned silicon layer;

an oxide liner formed on a sidewall of the patterned
silicon layer, wherein the oxide liner extends along
only part of the sidewall; and

a portion of a first layer extending along another part of
the sidewall and 1n a corner at an interface of the
patterned silicon layer and the burnied insulator layer,
and a portion of a first layer formed in the recess
beneath the patterned silicon layer, wherein the oxide
liner and the portion of the first layer do not overlap,
relative the sidewall.

2. The semiconductor device of claim 1, wherein the first

layer comprises an insulating material.

3. The semiconductor device of claim 2, wherein the first
layer comprises silicon dioxide.

4. The semiconductor device of claim 1, wherein the first
layer comprises silicon nitride.

5. The semiconductor device of claim 1, wherein the
portion of the first layer covers at least part of the buried
insulator layer.

6. The semiconductor device of claim 1, further compris-
ng:

an 1solation insulating material at least partially filling a
region adjacent to the patterned silicon layer.

7. A semiconductor device, comprising:

a substrate;

a buried insulator layer formed over the substrate;

a patterned silicon layer formed over the buried insulator
layer, wherein the buried insulator has a recess formed
therein, at least part of the recess extending at least
partially beneath the patterned silicon layer;

a portion of a first layer formed in the recess beneath the
patterned silicon layer and contacting a portion of a
stdewall of the patterned silicon layer; and

an oxide liner having a top side facing away from said
buried insulator layer and a bottom side facing toward
said buried 1nsulator layer, said oxide liner being on the
stdewall of the patterned silicon layer and abutting, at
least 1n part, the first layer only at said bottom side,
wherein the oxide liner does not extend 1nto the recess
beneath the patterned silicon layer.

8. The semiconductor device of claim 7, wherein the
oxide liner extends along only a first portion of the sidewall
of the patterned silicon layer and wherein the portion of the
first layer extends along a second portion of the sidewall of
the patterned silicon layer.
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9. The semiconductor device of claim 7, wherein the first
layer comprises silicon nitride.

10. The semiconductor device of claim 7, wherein the first
layer comprises silicon dioxide.

11. The semiconductor device of claim 7, further com-
prising:
an 1solation insulating material at least partially filling a
region adjacent to the patterned silicon layer.

12. A semiconductor device comprising:
a silicon water;

a buried oxide layer on the silicon water, wherein the
buried oxide layer has a recess formed therein, at least
part of the recess extending at least partially beneath
the patterned the patterned silicon layer;

a patterned semiconductor layer on the buried oxide layer,
the patterned semiconductor layer comprising a mesa
having a sidewall;

a first liner extending along a first portion of the sidewall;

a second liner extending along a second portion of the
stdewall, the second liner covering an interface
between the mesa and the buried oxide liner, and a
portion of a second liner formed 1n the recess beneath
the patterned semiconductor layer, wherein the first
liner and the second liner do not overlap, relative the
sidewall; and

an 1msulating material contacting the first liner and second
liner.

13. The semiconductor device of claim 12 further com-
prising:
a recess 1n the buried oxide layer underlying the mesa; and

wherein the second liner substantially fills the recess.

14. The semiconductor device of claim 12 wherein the
first liner comprises silicon oxide.

15. The semiconductor device of claim 12 wherein the
second liner comprises a maternal selected from the group
consisting essentially of silicon oxide and silicon mitride.

16. The semiconductor device of claim 12 wherein the
patterned semiconductor layer comprises a second mesa and
wherein the insulating material substantially fills a trench
between the mesa and the second mesa.

17. The semiconductor device of claim 16 wherein the
second liner extends along a surface of the buried oxide
layer between the mesa and the second mesa.

18. The semiconductor device of claim 12 wherein the
semiconductor layer comprises epitaxially grown silicon.
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